INTRODUCTION
============

Rhabdomyolysis is a condition characterized by breakdown of skeletal muscles. This leads to the release of toxic intracellular contents into the systemic circulation.^[@B1]^ It is diagnosed by the presence of significantly elevated levels of creatine kinase (CK), and the excretion of myoglobin in the urine (myoglobinuria), which may impart a cola color to the urine.^[@B1]^ Rhabdomyolysis was initially described in the victims of war and natural disasters with crush injuries. However, the entity is frequently encountered in patients with a non-traumatic etiology of muscle breakdown.^[@B2]^ Chemical agents, specially the use of alcohol and illicit drugs, have frequently been implicated in triggering rhabdomyolysis.^[@B3]--[@B7]^ Rhabdomyolysis is often encountered in the intensive care setting and may have a multifactorial etiology.^[@B8]^ A high index of clinical suspicion and prompt initiation of treatment plays a vital role in the management of these cases. Herein, we describe the occurrence of rhabdomyolysis in a subject with chronic alcohol abuse who presented with high grade fever and altered sensorium.

CASE DESCRIPTION
================

A 35-year-old male with alcohol dependence and a history of binge drinking a day prior, was admitted to a drug de-addiction center. He was treated with benzodiazepines and risperidone. Five days after initiating the treatment, he developed high-grade fever and altered behavior (irrelevant speech and conduct). There was no history of headache, vomiting, seizure or any focal neurological deficit. During hospitalization, he sustained injury to the right upper limb after a fall from the bed. His behavior progressively worsened over the next few days and by the tenth day of illness, he had stopped recognizing his relatives and had become disoriented to time and place.

At admission to the intensive care unit (ICU), he was agitated, un-cooperative and disoriented (time, place and person). He was febrile (38°C) and had a heart rate of 120 beats/minute. His right upper limb showed erythema and induration suggestive of cellulitis. He was endotracheally intubated for airway protection. We considered the following diagnosis at admission to the ICU namely, delirium tremens, neuroleptic malignant syndrome, tropical pyomysositis or an infective illness common to tropics (leptospirosis, malaria or scrub typhus).

Initial investigations ([Table 1](#T1){ref-type="table"}) showed thrombocytopenia, hypernatremia, azotemia and raised aspartate aminotransferase (AST). Serum CK and urine myoglobin levels were elevated and the urine pH was 6.0. Cerebrospinal fluid was acellular with normal proteins and sugar. Computed tomography of the brain showed communicating ventriculomegaly. Ultrasound of the right upper limb revealed diffuse subcutaneous and muscle edema with no drainable collection suggesting cellulitis and myositis. Neuroleptic malignant syndrome was ruled out due to the absence of rigidity.

He was diagnosed to have delirium tremens with rhabdomyolysis, cellulitis and myositis of right arm, and acute kidney injury. The rhabdomyolysis was attributed to delirium tremens, hypernatremia, the use of risperidone and pyomyositis. Risperidone was discontinued. Blood culture grew methicillin resistant *Staphylococcus aureus* (MRSA) and injection vancomycin (2 grams/day as continuous infusion) was started. During the hospital stay, the CK increased to a peak level of 35026 U/L on day 9 with a worsening of kidney function. Normal saline was administered to manage rhabdomyolysis with a goal of maintaining the urine output at 200--300 mL/hour. The hospital course was complicated by worsening of hypernatremia (up to 180 mEq/L) that was managed with administration of free water. The hypernatremia was possibly due to intravascular dehydration as a consequence of rhabdomyolysis and infective myositis. The subject gradually improved with treatment. His mental status improved, the urine pH increased to \>6.5, and the renal functions normalized. The subject was shifted to ward on day 28 of his illness. He was subsequently discharged after 6 weeks with no residual deficit. At 4 months of follow-up, he was doing well and continued to abstain from alcohol consumption.

###### 

Complete blood count, biochemistry and other investigations at admission to intensive care unit

  *Parameter*                                         *Value*
  --------------------------------------------------- -----------------------------------------------
  Hemoglobin (g/dL)                                   16.6
  Total leukocyte count (cells/mm^3^)                 7000
  Platelets (per mm^3^)                               107,000
  Sodium (mEq/L)                                      164
  Potassium (mEq/L)                                   4.4
  Calcium---corrected for albumin (mg/dL)             8.7
  Phosphorus (mg/dL)                                  2.6
  Uric acid (mg/dL)                                   7.7
  Urea (mg/dL)                                        102
  Creatinine (mg/dL)                                  1.7
  Aspartate aminotransferase (U/L)                    493
  Alanine aminotransferase (U/L)                      81
  Creatine kinase (U/L)                               7056.2
  Urine myoglobin (ng/mL)                             836
  Human immunodeficiency virus (ELISA)                Negative
  Cerebrospinal fluid examination                     
    Cells (per high-power field)                      0
    Proteins (mg/dL)                                  19
    Glucose (mg/dL)                                   111
  Blood culture                                       Methicillin resistant *Staphylococcus aureus*
  Malaria^[\*](#TF1-1){ref-type="table-fn"}^          Negative
  *Leptospira*^[\*\*](#TF1-2){ref-type="table-fn"}^   Negative
  *Scrub typhus*^[\#](#TF1-3){ref-type="table-fn"}^   Negative

^\*^Malaria was tested with examination of peripheral smear as well as "SD BIOLINE Malaria Pf/Pv test" - a rapid immunochromatographic test for simultaneous detection of antibodies against *Plasmodium falciparum* and *Plasmodium vivax* in blood (Alere Medical Pvt. Ltd.)

^\*\*^*Leptospira* was tested with "SD ELISA Kit" (Enzyme immunoassay for the detection of IgM antibodies to Leptospira - Standard Diagnostics, Inc.; IgM ELISA)

^\#^Scrub typhus was tested with "Scrub Typhus Detect^TM^ IgM ELISA System" (InBios International Inc.)

DISCUSSION
==========

Rhabdomyolysis is a medical emergency that requires high clinical suspicion and an early treatment. The index case highlights that rhabdomyolysis may be multifactorial and may resolve completely with appropriate management.

Rhabdomyolysis has several causes that can be broadly categorized as hypoxic, physical, chemical and biologic ([Table 2](#T2){ref-type="table"}). Chemical causes are responsible for most of the cases of rhabdomyolysis. Apart from the intrinsic factors (electrolyte abnormalities), many extrinsic factors (alcohol consumption, psychiatric medications and illicit drug use) are known to cause rhabdomyolysis. Physical causes of rhabdomyolysis are the most common and can be due to either the external (direct trauma) or internal (voluntary and involuntary) factors.^[@B1],[@B2],[@B5],[@B9]^ However, several of these factors may contribute in a given case.^[@B3]^ This was highlighted in the index case where multiple factors (trauma to the limb, delirium tremens, use of risperidone, hypernatremia) were the contributing factors. Also, chronic alcohol consumption predisposes an individual to rhabdomyolysis due to electrolyte abnormalities, malnutrition and limited energy stores.

The symptoms of rhabdomyolysis are nonspecific and the diagnosis may be overlooked especially in absence of classical triad of myalgia, muscle weakness and dark colored urine. Diagnosis is established by elevated CK levels (usually \>10 times the upper limit of normal) and myoglobinuria that is attributed to muscle destruction and its release into the circulation.^[@B2]^ Management of rhabdomyolysis primarily involves preventing further muscle injury, and potential complications (cardiac arrhythmias and acute renal failure).^[@B1],[@B5]^ This is especially important when multiple causes of rhabdomyolysis coexist, as in the index case. The index case was managed with lorazepam (delirium tremens), antibiotics (pyomyositis), and administration of free water (hypernatremia), thus addressing all the likely factors contributing to muscle destruction. After eliminating the precipitating cause of rhabdomyolysis, the management is aimed at preventing renal insult. Acute kidney injury may develop in up to 60% patients with rhabdomyolysis.^[@B9]^ Use of aggressive fluid resuscitation (with isotonic saline), is recommended to prevent further renal damage. The aggressive fluid management is continued till the resolution of rhabdomyolysis as evidenced by falling CK levels or when oliguric AKI precludes further fluid infusion, as in the index case.^[@B1],[@B9]^ In those with oliguric or anuric kidney injury, an early renal support therapy with hemodialysis should be considered. Alkalinization of urine and forced diuresis with diuretics or mannitol, are not preferred currently.^[@B1],[@B10]^

###### 

Causes of nontraumatic rhabdomyolysis

  *Mechanism*                                                                                                                                                           *Extrinsic causes*                                                                                          *Intrinsic causes*
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------
  Hypoxic                                                                                                                                                               Carbon monoxide exposure                                                                                    Compartment syndrome
                                                                                                                                                                        Cyanide exposure                                                                                            Vascular insufficiency (thrombosis, compression, vasculitis, sickle cell disease, shock states)
                                                                                                                                                                        Immobilization (prolonged surgery, coma)                                                                    
  Physical                                                                                                                                                              Hypothermia                                                                                                 Prolonged and/or extreme exertion
  Hyperthermia                                                                                                                                                          Acute asthma                                                                                                
                                                                                                                                                                        Seizures                                                                                                    
                                                                                                                                                                        Agitation (delirium tremens)                                                                                
                                                                                                                                                                        Neuroleptic malignant syndrome                                                                              
                                                                                                                                                                        Malignant hyperthermia                                                                                      
  Chemical                                                                                                                                                              Alcohol                                                                                                     Hypokalemia
  Other illicit drugs like cocaine, amphetamines, heroin                                                                                                                Hypophosphatemia, hypocalcemia, hyponatremia, hypernatremia                                                 
  Prescription drugs (statins, antipsychotics, valproate, propofol, diphenhydramine and antimicrobials like trimethoprim-sulfamethoxazole, quinolones, amphotericin B                                                                                                               
  Biological                                                                                                                                                            Infective myositis (bacterial, viral or parasitic)                                                          Dermatomyositis/polymyositis
  Toxins (snake bite, insect stings and others)                                                                                                                         Endocrinopathies like adrenal insufficiency, hypothyroidism, hyperaldosteronism and diabetic ketoacidosis   
                                                                                                                                                                        Hyperosmolar state                                                                                          
                                                                                                                                                                        Genetic inborn errors of metabolism                                                                         

In conclusion, rhabdomyolysis is a medical emergency that may have multifactorial etiologies. Identifying and correcting each component is important to prevent further muscle injury and organ failure. Early identification and institution of treatment is the cornerstone to prevent AKI and other serious complications of rhabdomyolysis.
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